Introduction {#s1}
============

Infective endocarditis (IE) is a serious life-threatening condition caused by microbial infection of heart valves and their epithelial tissues. Despite advancements in its treatment management, its nosocomial mortality rate is high (20-40%), so that it demands rapid early diagnosis \[[@R01]-[@R07]\]. The diagnosis of this disorder is based on Duke criteria \[[@R04]\] including clinical findings, laboratory results, and echocardiography. The major standard of these criteria is the diagnosis of vegetation on cardiac valves through echocardiography and positive blood culture \[[@R08]\]. Echocardiography is positive in only 50-94% of cases \[[@R9]\], while blood culture is negative in 2.5-31% of cases of IE and, hence, the infection is left undiagnosed. A negative blood culture test may be attributed to cardiac antibiotic therapy, slow-growing or uncultivable microorganisms, fungi, and/or intracellular microorganisms \[[@R06], [@R07], [@R10]\], and low number of microorganisms per volume unit \[[@R11]\]. Nonetheless, blood culture tests are rendered as a gold standard for IE \[[@R12]\]. According to the reports by some studies, microorganisms most frequently involved in the etiology of IE are from the *Staphylococcus*, *Streptococcus*, and *Enterococcus* genus in the developed countries, respectively \[[@R13], [@R14]\]. The identification of the etiologic pathogens incriminated as the causes of endocarditis is important as it can help in antibiotic therapy of the disorder \[[@R15]\]. Hence, many studies have been carried out in recent years concerning the use of molecular methods in diagnosing this condition and the sensitivity and specificity of molecular methods have been investigated \[[@R05]-[@R9], [@R11], [@R15]\]. Many of these studies have assessed the samples taken from cardiac valve tissue and blood culture, while only the study by Kuhn et al used whole blood samples \[[@R16]\]. Therefore, regarding the low number of studies on whole blood and lack of any study on direct isolation of microorganisms involved in the etiology of IE using whole blood samples, this study used real-time polymerase chain reaction (PCR) technique to isolate bacteria present in whole blood samples of patients with definitive IE.

Materials and Methods {#s2}
=====================

Patients {#s2a}
--------

This laboratory and test study was performed on 20 whole blood samples taken from patients with definitive IE. The inclusion criterion was affliction with definitive IE and the exclusion criteria were probable suspicious endocarditis and rejected endocarditis. The patients with definitive IE were selected using Duke criteria. On this basis, the definitive diagnosis was the presence of the two major criteria, one major criterion along with three minor criteria, or the presence of five minor criteria \[[@R04]\].

Samples {#s2b}
-------

A whole blood sample from the same phlebotomy was drawn for microbiological and molecular analysis in an EDTA tube.

Conventional cultures {#s2c}
---------------------

Three sets of blood cultures were prepared for each patient with suspected IE. The collected blood was inoculated directly into aerobic (SA) and anaerobic (SN) blood culture containers (BacT/Alert, BioMeriuex, Inc., Durham, NC) and incubated for 7 days.

Bacteria selected for investigating the patients' whole blood samples and primer designing {#s2d}
------------------------------------------------------------------------------------------

The selection and preparation of bacteria involved in IE were done on the basis of the latest published guidelines on IE \[[@R17]\], the common strains involved in IE in Iran \[[@R18]-[@R21]\], and financial constraints which prevented the researchers from selecting a greater number of bacteria for this study. As such, the standard selected strains included: *Staphylococcus aureus* (ATCC 6538), *Staphylococcus epidermidis* (ATCC 49469), *Streptococcus mitis* (ATCC 6249), *Streptococcus mutans* (ATCC 35668), *Streptococcus sanguines* (ATCC 10556), *Streptococcus salivarius* (ATCC 13419), *Streptococcus pyogenes* (ATCC 8668), *Streptococcus gallolyticus* (ATCC 49147), and *Enterococcus faecalis* (ATCC 29212). The selected standard strains were cultured in blood agar culture media. In the next stage, 16S rRNA sequences of the bacteria above were obtained from GenBank (<http://www.ncbi.nlm.nih.gov> /BLAST/) (NCBI) provided in the public domain by the National Center for Biotechnology. So, the forward and reverse primers for 16S rRNA were: 5′-TGGAGCATGTGGTTTAATTCGA-3′ and 5′-TGCGGGACTTAACCCAACA-3′, respectively. Then, the primers for the bacteria above were developed ([Table 1](#T1){ref-type="table"}) \[[@R22]\].

###### Primer Used in This Study

  Bacteria            Target gene   Forward primer (5′-3′)    Reverse primer (5′-3′)      Size (bp)   References
  ------------------- ------------- ------------------------- --------------------------- ----------- ------------
  *S. aureus*         eap           TACTAACGAAGCATCTGCC       TTAAATCGATATCAC TAATACCTC   230         \[[@R22]\]
  *S. epidermidis*    SEI           CTAAAGAAGAAGCAAATCGTA     TAGATATTGGTTGTGGTGAT        105         This study
  *S. pyogenes*       sodA          AATATCTTCTGGAATCTTAGTGA   CTTATGTCGCTAATACCAATG       101         This study
  *E. faecalis*       ddl           CAATAACACGATTGAAATGC      ACTTCCATCTAACATAATATACG     103         This study
  *S. mitis*          SM1           TGTCAGATAATGCTAATAAGATG   ATCAGAAAGGTTGTTAATGTC       197         This study
  *S. mutans*         gtfB          AGAGGAATATACCAATGTTGTG    AAGAACCATCTGTTGAAGAC        110         This study
  *S. sanguines*      gtfp          GACTGATGAGAAGATTACCA      TGTTGAGATATTCGTTGCTA        113         This study
  *S. salivarius*     MAP           GGGAAGCATTATGGATTACC      ACACATCAAGGACTGACTTATC      155         This study
  *S. gallolyticus*   recNSGG       AAAGCTGGTGAGGACCAAGC      CATTTCTTTATAGTCAGCATCA      189         This study

DNA extractions {#s2e}
---------------

DNA extraction from the grown colonies of the selected bacteria cultured in culture media and also DNA extraction of whole blood samples using QIAamp DNA mini kit (Qiagen) and the SepsiTest kit (Molzym, Bremen, Germany) were completed following the manufacturer's protocol, respectively.

DNA purity and concentration {#s2f}
----------------------------

The purity and concentration of total DNA isolates in the samples, that is, the colonies of the selected and prepared bacteria grown in culture media and also whole blood samples were measured using spectrophotometric method at wavelengths of A~260~ and A~280~. It was conducted using a NanoDrop machine (Thermo Scientific).

Real-time PCR technique {#s2g}
-----------------------

The functioning and optimal annealing temperature of the PCR primers was first examined with gradient PCR (BioRad thermal cycler, USA). The PCR conditions that follow were applied: an initial DNA denaturation at 95 °C for 20 s, primer annealing at 55-65 °C for 20 s, and primer extension at 72 °C for 45 s. This was completed with a final extension step at 72 °C for 5 min. Quantitative PCR was carried out using a StepOnePlus Real-Time PCR System (Applied Biosystems, USA). All PCRs were conducted in duplicate with a volume of 20 µL, using 96-well optical-grade PCR plates and an optical sealing tape (MicroAmp Fast Optical 96-well, Applied Biosystems, USA). EvaGrean dye was used to detect dsDNA synthesis. The thermal cycling conditions included an initial DNA denaturation step at 95 °C for 10 min followed by 40 cycles of denaturation at 95 °C for 15 s, primer annealing at the optimal temperature for 20 s, and extension at 72 °C for 30 s. Eventually, melt-curve analysis was done by slow heating of the PCRs to 95 °C (0.3 per cycle) with concurrent measurement of the EvaGrean signal intensity. To demonstrate the absence of contamination or primer dimmer, a non-template control (NTC) reaction with each primer was conducted on gel electrophoresis ([Fig. 1](#F1){ref-type="fig"}).

![Agarose gel electrophoresis of primer designing and a non-template control (NTC) reaction.](cr-09-099-g001){#F1}

Results {#s3}
=======

Of 20 whole blood samples of patients with definitive IE, the result of blood culture of only one patient was positive and the isolated bacterium belonged to the *Streptococcus viridans* group. Also, 19 patients had negative blood culture test. Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of blood culture were: 5%, 100%, 100%, and 51%, respectively ([Table 2](#T2){ref-type="table"}). Moreover, 13 whole blood samples were positive using real-time PCR technique and seven whole blood samples were negative. The bacteria isolated from 13 positive whole blood samples were *Enterococcus faecalis* with seven (35%) cases, *Streptococcus gallolyticus* with two (10%) cases, *Streptococcus mutans* with one (5%) case, *Streptococcus sanguines* with one (5%) case, *Streptococcus salivarius* with one (5%) case, and *Staphylococcus aureus* with one (5%) case ([Table 3](#T3){ref-type="table"} and [Fig. 2](#F2){ref-type="fig"}). Sensitivity, specificity, PPV, and NPV of real-time PCR were 65%, 100%, 100%, and 74%, respectively ([Table 2](#T2){ref-type="table"}). One patient had a positive result of blood culture test with pathogenic bacterium belonging to *Streptococcus viridans* group. The real-time PCR of this patient was also positive with the pathogenic bacterium belonging to *Streptococcus sanguines* ([Table 3](#T3){ref-type="table"}).

###### Sensitivity, Specificity, Positive Predictive Value, and Negative Predictive Value of Blood Culture and Real-Time PCR

  Diagnostic approach         Blood culture (95% CI)     Real-time PCR (95% CI)
  --------------------------- -------------------------- --------------------------
  Sensitivity                 5% (0.13% to 24.87%)       65% (40.78% to 84.61%)
  Specificity                 100% (83.16% to 100.00%)   100% (83.16% to 100.00%)
  Positive predictive value   100%                       100%
  Negative predictive value   51% (48.77% to 53.79%)     74% (61.12% to 83.85%)

###### Microbiologic Findings of Real-Time PCR and Culture of Blood for 20 Patients With Definite IE

  Patient no.   Previous history of antibiotic therapy   Blood culture               Blood real-time PCR
  ------------- ---------------------------------------- --------------------------- ---------------------
  1             Yes                                      Negative                    Negative
  2             Yes                                      Negative                    *E. faecalis*
  3             Yes                                      Negative                    *S. aureus*
  4             Yes                                      Negative                    Negative
  5             Yes                                      Negative                    *E. faecalis*
  6             Yes                                      Negative                    Negative
  7             Yes                                      *Viridans streptocococci*   *S. sanguines*
  8             Yes                                      Negative                    *E. faecalis*
  9             Yes                                      Negative                    Negative
  10            Yes                                      Negative                    *S. gallolyticus*
  11            Yes                                      Negative                    Negative
  12            Yes                                      Negative                    *S. mutans*
  13            Yes                                      Negative                    *E. faecalis*
  14            Yes                                      Negative                    *E. faecalis*
  15            Yes                                      Negative                    *E. faecalis*
  16            Yes                                      Negative                    Negative
  17            Yes                                      Negative                    *S. gallolyticus*
  18            Yes                                      Negative                    *S. salivarius*
  19            Yes                                      Negative                    Negative
  20            Yes                                      Negative                    *E. faecalis*

![Amplification (a) and melting curves (b) of 13 positive whole blood samples placed in duplicate manner. The identified bacteria were: *S. gallolyticus* (red line), *S. sanguines* (blue line), *S. salivarius* (violet line), *S. aureus* (orange line), *S. mutans* (green line), and *E. faecalis* (black line).](cr-09-099-g002){#F2}

Discussion {#s4}
==========

The application of molecular methods to diagnose IE does not have a long history. Indeed, many studies name these methods as innovative procedures for the diagnosing of IE \[[@R23], [@R24]\]. Goldenberg et al (1997) displayed for the first time the results of their study on IE using PCR. They found that the molecular method enjoys high sensitivity and reliability, and is a quick method of diagnosing microbial IE \[[@R25]\]. Most studies demonstrated that the wide-spectrum bacterial DNA PCR is applicable in many cases such as the following: 1) when a small amount of bacteria is the etiologic cause of IE, 2) when blood culture is positive for solely one case, 3) when replacement of uncontaminated valve results in the histological diagnosis of IE, and 4) when the patient has a positive history of previous antibiotic therapy \[[@R25], [@R26]\]. Moreover, Millar et al and also Tak et al asserted that molecular diagnostic methods can be added to Duke's criteria as a gold standard \[[@R24], [@R27]\]. Most of the molecular studies on IE used cardiac valve tissue as their sample. Only one study \[[@R16]\] used whole blood sample like our research. The results of whole blood sample cultures of 20 patients with definitive IE in our study indicated that only one blood culture was positive with the isolated bacteria belonging to *Streptococcus viridans* group, while in the study by Kuhn et al \[[@R16]\], three blood cultures were positive and the isolated bacteria were *Staphylococcus epidermidis* with one case and *Enterococcus faecalis* with two cases. In our study, all the patients with IE had a positive history of antibiotic therapy before blood sample culture. The blood sample culture is significant because it can reveal the etiologic organism that causes the disease and this eases the appropriate prescription and administration of the required antibiotic predisposing to more effective treatment \[[@R15], [@R28]-[@R30]\]. Several studies have shown that the negative result of blood culture may be attributed to previous antibiotic therapy, the presence of small amounts of microorganisms per volume unit, presence of slow-growing or hard-growing microorganisms such as *Actinobacillus actinomycetemcomitans*, *Coxiella burnetii*, *Legionella* species, *Mycoplasma* species, *Haemophilus* species, *Tropheryma whipplei*, *Cardiobacterium hominis*, *Eikenella* species, *Chlamydia* species and also *HACEK* group \[[@R9], [@R11], [@R28]-[@R30]\]. It ought to be pointed out that the culturing method, the number of blood cultures, and vigilant care at the time of blood sampling or phlebotomy can influence the results of blood culture tests \[[@R31]\]. Contrary to our study, most of the previous molecular studies on IE used valvular tissue as the sample. The valvular tissue samples are not rendered as proper since they may be contaminated during surgery and excision. This is because the isolated bacteria may not be the pathogenic organism for IE; rather, they may be transmitted during surgery \[[@R05], [@R32], [@R33]\]. Nevertheless, the valvular tissue samples are considered as suitable now to investigate cases of endocarditis with negative blood culture \[[@R34]\] as bacterial DNA may survive in the infected valve for several weeks in spite of antibiotic therapy \[[@R9], [@R35], [@R36]\]. The prolonged survival of bacterial DNA in the valve may be related to: first, a persistent infection, second, the original infection not treated fully because of deep infiltration into valve, or since it could not be treated even by appropriate antibiotic therapy, so the bacteria survived even though they could not grow, and third, the PCR method may have detected DNA from the killed bacteria \[[@R11], [@R37]\]. Marin et al declared in their study that the most important constraint in the use of valve tissue for molecular tests is that it could be applied only for patients who need cardiac valve surgery, whereas it could not be utilized for patients with IE who do not require valve surgery \[[@R05]\]. Our findings demonstrated that the sensitivity of the molecular real-time PCR method was greater than the common conventional methods used in blood sample culturing modalities so that the real-time PCR results of 13 patients were positive. Similar to our study, in the study by Kuhn et al \[[@R16]\], the sensitivity of the PCR molecular method (85%) used was greater than the common conventional method of blood sample culturing so that the results of PCR tests of 17 patients were positive. Additionally, in most studies conducted on IE, the sensitivity of molecular methods was greater than that of the conventional blood culturing methods so that the highest sensitivity pertained to Marin's study with 96% sensitivity \[[@R05]\], whereas the PCR results in some cases have been even negative. Marin et al and Miller et al relate the negative results of PCR test to the presence of low amounts of microorganisms in the sample or to the high possibility of sampling error \[[@R05], [@R15]\]. Kotilainen et al reported in their study that negative PCR results do not mean that the patients have responded properly to antibiotics \[[@R35]\]. Gauduchon introduces three reasons for the negative results of PCR test: 1) the long time interval between antibiotic treatment and surgery, 2) the use of an inappropriate valve section for PCR, and 3) the presence of PCR inhibitors (though extraction and amplification controls yielded the expected results, and amplification of the beta-globin gene was positive) \[[@R08]\]. Moreover, Vollmer et al reported in their study that their previous study with unpublished data explored whole blood samples of 33 patients with IE using 23rDNA PCR assay. Yet, the PCR results were not successful. They explained that their failure was due to low number of bacteria in whole blood samples \[[@R11]\]. Fournier et al postulated that highly sensitive PCR assays that specifically target bacteria may be valuable detection instruments for blood specimens in the future \[[@R28]\]. The pathogenic bacteria incriminated as the etiologic causes of IE in whole blood samples of patients were isolated by primers developed in this study for nine bacteria including: *Enterococcus faecalis* with seven cases, *Streptococcus gallolyticus* with two cases, *Streptococcus mutans* with one case, *Streptococcus sanguines* with one case, *Streptococcus salivarius* with one case, and *Staphylococcus aureus* with one case. In the study by Kuhn et al \[[@R16]\], the pathogenic bacteria involved in the etiology of IE isolated from whole blood samples of the patients using PCR included: *Enterococcus faecalis* with four cases, *Streptococcus gallolyticus* with three cases, *Streptococcus gordonii* with three cases, *Streptococcus epidermidis* with three cases, *E. faecium* with one case, *Streptococcus dysgalactiae* with one case, and *Escherichia coli* with one case. Moreover, on the basis of previous studies, 45% to 60% of cases of IE were induced by *Streptococci* and *enterococci* \[[@R23], [@R38]-[@R41]\], 5% to 15% by D group such as *Streptococcus bovis* \[[@R23], [@R40], [@R42]\], 17% to 41% by *Streptococci viridans* (such as *Streptococcus sanguinis*, *Streptococcus salivarius* and *Streptococcus mutans*) \[[@R23], [@R38], [@R40], [@R43], [@R44]\], and 5% to 10% by *Enterococcus faecalis* \[[@R23], [@R38], [@R40]\]. *Staphylococci* are regarded as the second group of microorganisms that cause IE, so that 15% to 23% of cases are brought about by *Staphylococcus aureus*, while 3% to 8% of cases are caused by coagulase-negative *Staphylococcus* \[[@R23], [@R38], [@R40], [@R45]\]. Other causative organisms predisposing to IE include different bacteria such as *Enterobacteriaceae* or fungi such as *Candida spp*. Moreover, some bacteria such as HACEK (*Haemophilus parainfluenzae*, *Haemophilusa phrophilus*, and *Haemophilus paraphrophilus*, *Actinobacillus actinomycescomitans*, *Cardiobacterium hominis*, *Eikenella corrodens* and *Kingella kingae*) are averagely responsible for 4% of cases \[[@R23], [@R38], [@R40], [@R44]\]. On the basis of the results of the etiologic microorganisms of IE referred to in the studies above, it could be inferred that gram positive bacteria accounted for most cases of IE. However, different other microorganisms are incriminated in IE as well, and the incidence of this disorder cannot be attributed to merely one specific group of microorganisms \[[@R23]\]. The sole reason for the dominant role of gram positive bacteria in the etiology of this disorder is their fast growth compared to other microorganisms, specifically the fastidious bacteria \[[@R46]\].

Conclusion {#s4a}
----------

It could be asserted on the basis of our findings that considering the low copy number of bacteria in whole blood samples of patients with IE and high negative results of blood culturetests of these patients on one hand, and regarding the high sensitivity and capacity of real-time PCR technique in diagnosing and demonstrating various pathogens even with low number of cases on the other hand, real-time PCR can be used today to directly analyze whole blood samples in patients with IE in a shorter time compared to the conventional culturing method.
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